Before the 1990s it was widely believed that the adult brain was incapable of regenerating neurons. However, it is now established that new neurons are continuously produced in the dentate gyrus of the hippocampus and olfactory bulb throughout life. The functional significance of adult neurogenesis is still unclear, but it is widely believed that the new neurons contribute to learning and memory and/or maintenance of brain regions by replacing dead or dying cells. Many different factors are known to regulate adult neurogenesis including immune responses and signaling molecules released by immune cells in the brain. While immune activation (i.e., enlargement of microglia, release of cytokines) within the brain is commonly viewed as a harmful event, the impact of immune activation on neural function is highly dependent on the form of the immune response as microglia and other immune-reactive cells in the brain can support or disrupt neural processes depending on the phenotype and behavior of the cells. For instance, microglia that express an inflammatory phenotype generally reduce cell proliferation, survival and function of new neurons whereas microglia displaying an alternative protective phenotype support adult neurogenesis. The present review summarizes current understanding of the role of new neurons in cognition and behavior, with an emphasis on the immune system's ability to influence adult hippocampal neurogenesis during both an inflammatory episode and in the healthy uninjured brain. It has been proposed that some of the cognitive deficits associated with inflammation may in part be related to inflammation-induced reductions in adult hippocampal neurogenesis. Elucidating how the immune system contributes to the regulation of adult neurogenesis will help in predicting the impact of immune activation on neural plasticity and potentially facilitate the discovery of treatments to preserve neurogenesis in conditions characterized by chronic inflammation.
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Introduction to adult neurogenesis
Before the 1990s, it was widely thought that neurons in the adult human brain did not regenerate. Consequently, it was thought that if neurons died during your adult life for any reason (e.g., oxidative stress, stroke, neurodegenerative disease, head trauma, normal aging), they would never be replaced. However, in the 1960s, Altman and colleagues challenged this idea, reporting that new neurons are continuously and spontaneously born in at least two regions of the adult rat brain: the subgranular zone of the hippocampus with cells migrating to the granule layer of the dentate gyrus (Altman and Das, 1965) and the subventricular zone with cells migrating to the olfactory bulb (Altman, 1969) . Due to the longstanding dogma that postnatal neurogenesis is non-existent in mammals, it took more than three decades before the Altman and Das (1965) discovery was broadly accepted.
Multi-potent stem cells reside in the subgranular zone of the dentate gyrus and the subventricular zone. These stem cells divide asymmetrically producing one daughter progenitor cell and one stem cell. The progenitor cell can then divide asymmetrically producing daughter cells that differentiate into either astrocytes or neurons and one progenitor cell retaining the capacity to divide multiple times. Studying the growth, survival and differentiation of these new cells often involves exogenous administration of the thymidine analog, bromodeoxyuridine (BrdU) that labels dividing cells. The presence of new cells (i.e., BrdU positive cells) is then detected by an antibody conjugated to a fluorescent label, often in conjunction with other markers to distinguish the fate of the new cells. For instance, a BrdU positive cell that co-labels with neuronal nuclear protein (NeuN) would indicate a mature neuronal phenotype (see Fig. 1 ). Whereas, a BrdU positive cell that co-labeled with S100b would indicate an astrocyte phenotype. One advantage of the double label technique as opposed to using gross morphology to identify whether new cells differentiated into neurons (Altman, 1969; Altman and Das, 1965) is that it does not rely on subjective assessment of the cellular phenotype. Additional modern immunohistochemical techniques (e.g., detection of the mitotic marker Ki67, and the marker of immature neurons, doublecortin [DCX] ) in combination with double-labeling techniques have assisted in establishing that new neurons are continuously
